The enhanced optical absorption measured by Constant Photocurrent Method (CPM) of hydrogenated nanocrystalline silicon thin films is due mainly to bulk and/or surface light scattering effects. A new numerical method is presented to calculate both true optical absorption and scattering coefficient from CPM absorption spectra of nanotextured nanocrystalline silicon films. Bulk and surface light scattering contributions can be unified through the correlation obtained between the scattering coefficient and surface roughness obtained using our method.
Introduction
Materials with nanometer crystallites constitute an important class with some of their properties distinctly different from either amorphous or large grain materials or single crystals. Especially, hydrogenated nanocrystalline and polymorphous silicon thin films. Hydrogenated nanocrystalline silicon (nano-Si:H) is an heterogeneous material. It consists of an ordered nanocrystallites of spherical form with size varies from 2 to 100 nm embedded in amorphous matrix [1] . These semiconducting nanomaterials are very promising to the photovoltaic applications [2] . The important key for the success of nano-Si:H films as a PV absorbent materials is their enhanced absorption compared to the monocrystalline silicon (c Si), mainly in infrared region [3] . The main reason of this optical behavior is due to their particular structure which gives place to the bulk and/or surface light scattering phenomena [3] [4] [5] . The Constant Photocurrent Method measurements of these heterogeneous mediums give us an "apparent" optical absorption coefficient at energy E.
is affected by light scattering effects different from true
measured for homogeneous mediums, i.e., amorphous or monocrystalline silicon [3] . In this paper, we suggest a new numerical method to calculate the true optical absorption. A numerical resolution of Equation (1) is given at energy E = 1.1 eV. The contribution of bulk light scattering, from the spectral dependence of apparent optical absorption coefficient   app E  in thin films of nano-Si:H is measured by Constant Photocurrent Method (CPM). The details of CPM method and its experimental configuration are described elsewhere [6] . This method is developed in order to understand the subgap part of the true optical absorption spectra related to the defect states within the energy gap. It's introduced with the help of a recent theory [3] which describes the different contributions of light scattering in terms of photocurrent  
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deduced from CPM measurements. This procedure has a crucial importance to determine true  in the case of weak bulk light scattering, without need to compare a several CPM measurements (for different interelectrodes spacing) [3] . We will present the details of our procedure and discuss its validity by comparing a calculated spectrum with the experimental one obtained by CPM for the same sample of nano-Si:H. Finally, we will apply this method on a series of nano-Si:H which have a different surface roughness in order to determine the correlation between this material parameter and the scattering coefficient
Numerical Method
In the following, let us consider a nano-Si:H thin film with a typical thickness d f configured according to the CPM setup. If the standard CPM evaluation method will be applied to the measured spectrum, we will obtain an "apparent" optical absorption coefficient app 
where f  is the total optical absorption in the film given by:
bulk is the number of the scattering events between the electrodes (to calculate this parameter see reference [3] ) and θ is the critical angle for total reflections. θ defines the escape cone and can be calculated from the total internal reflection condition
, where n is the refractive index of the outer medium. The function "cosθ" presents the propability that the incident photon is scattered outside the escape cone. The parameters, f  and θ are known experimentally. We have considered the experimental values measured by the authors of the reference [3] , in order to compare our method with their experimental one. We have taken cosθ = 0.5 calculated for 2 µm thick nano-Si:H with an spectrum measured by CPM method for 8 × 2 mm interelectrode spacing (Figure 3) . The Equation (1) 
Finally, we calculate the mean value , true mean  of the selected interval and we replace it in Equation (1) in order to determine the corresponding solution sc  . Figure   1 shows the numerical resolution of Equation (1) according to this process. After that, we suppose that the spectral dependence of the calculated scattering coefficient has the following form in the energy range which favours the previous inequality:
where β and γ are a constants.
Using the values of
at energy E estimated in the first step and by a simple convolution, we can determine the constants β and γ (Figure 2) .
In Figure 2 , one can observe that the convoluted spectrum of scattering coefficient corresponds to the Rayleigh type of scattering, i.e., a dependence of E [3] , the authors have their specific experimental procedure to extract true and spectra of nanoSi:H samples. Indeed, they estimate the scattering coefficient from a comparison of several CPM measurements (for different interelectrodes spacing) [3, 7] and they supposed a Rayleigh light scattering. Using the first equation and by an iterative procedure, they obtained the true optical absorption spectrum
. Figure 3 shows a perfect agreement of the calculated and measured true optical absorption coefficient spectra. The polishing procedure has been done using the surface light scattering theory presented in reference [3] . Indeed, in the calculations, we have supposed that the textured Si has a smooth surface ( rms  = 0 nm) and we have calcu- 
Results
We have applied our numerical method on the silicon series with their CPM data given in 
Discussions
Results presented in Figure 5 and Figure 6 demonstrate that the samples deposited at 2 Pa exhibit an important bulk light scattering contribution especially in low absorption range (0.9 -1.6 eV spectral region) compared with the samples deposited at 3 and 4 Pa. These samples have a considerable surface roughness, which leads to a remarkably surface light scattering. Consequentially, the contribution of the scattered light at the rough surface will be dominant. Furthermore, the scattering coefficient . This result is very convenient with the nature of our sample. Indeed, we study here nanotextured thin films, i.e., samples which have a random rough surface with rms roughness smaller than the wave length of the incident light. Furthermore, they possess the property to have small heterogeneities included in their volume similarly to the case of amorphous silicon. We must note that there are some nanoSi:H rough samples which demonstrate an important surface scattering and by a standard mechanical polishing, the surface scattering disappears and the true optical absorption is directly measured by CPM. But there are  
